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ABSTRACT

Background: Iron—sulfur cluster (ISC) biogenesis is a vital cellular process in the mitochondria. ISC proteins
are responsible for essential functions such as glycine cleavage and the formation of lipoic acid, an essential
cofactor of respiratory chain complexes. Iron—sulfur cluster assembly2-related mitochondrial disorder (IRMD)
is a rare condition described recently and characterized by neurodevelopmental regression, leukodystrophy,
optic atrophy, hyperglycinemia, and early death.

Case Presentation: In this report, we present the clinical and radiological features of a subject homozygous for
the common founder pathogenic variant; c.229G>A; p.Gly77Ser.

Conclusion: IRMD should be considered in infantile-onset leukodystrophy with optic atrophy and nystagmus.
As of now, treatment is only supportive and, therefore, preventive measures should be considered in the fam-

ilies with affected members.
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Introduction

Iron—sulfur cluster (ISC) biogenesis is a vital cellular
process in the mitochondria (1,2). Iron—sulfur cluster
proteins play a very important role in health and
disease (3). It is required to produce various ISC-
containing proteins which are present in the nucleus,
mitochondria, and cytosol. ISC proteins are responsible
for essential functions such as glycine cleavage and
the formation of lipoic acid, an essential cofactor
of respiratory chain complexes. These proteins are
assembled in mitochondria by several steps including
specialized targeting components: Iron—sulfur cluster
assembly 1(ISCA1), Iron—sulfur cluster assembly 2
(ISCA2), IBAS57 Iron—sulfur cluster assembly, and
others. ISCA2 gene encodes an A-type ISC protein
involved in the assembly of mitochondrial iron—sulfur
cluster (4Fe—4S) which is important for electron transfer
and mitochondrial function.

ISCA2-related  mitochondrial ~ disorder  (IRMD)
is a rare condition described recently with most
subjects being Arab from Saudi Arabia (4). It is a
severe neurodegenerative disorder characterized by
neurodevelopmental regression, leukodystrophy, optic
atrophy, hyperglycinemia, and early death (4,5). Loss
of ISCA2 has been shown to diminish mitochondrial
membrane potential, the mitochondrial network, basal
and maximal respiration, and ATP production and to
disrupt the 4Fe—4S cluster machinery (6).
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In this report, we present the clinical and radiological
features of a patient found to be homozygous for the common
founder pathogenic variant; ¢.229G>A; p.Gly77Ser.

Methods

A retrospective chart review was conducted. The CARE
guidelines were followed in reporting this case.

Clinical Report

13-month-old boy presented with history of
developmental regression since the age of 6 months. He
was born at full-term via spontaneous vaginal delivery
with a birth weight of 2.8 kg. No pre-, peri-, or post-
natal complications. He was discharged home in good
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health. His parents are first degree cousins and he is
their first child.

The boy was doing well and with normal development
until the age of 6 months when he developed post
vaccination febrile illness, and was noted to gradually
lose his milestones over the next couple of months. He
lost his ability to smile, roll-over, and lost head control.
He wasn’t fixing or following as he used to and had
poor interaction. No nystagmus or any abnormal eye
movements were reported by the parents. He started
to have feeding difficulties with recurrent choking and
aspirations. No abnormal movements or seizures were
noted at any time.

On examination, he was normocephalic with no
dysmorphism or neurocutaneous stigmata. He had axial
hypotonia with appendicular hypertonia brisk reflexes
and clonus. Mild contractures of the ankles and elbows
were noted. He had respiratory distress while abdomen
and cardiovascular examination were unremarkable.

Basic workup including complete blood count and renal
and liver function tests were normal. Metabolic workup
including ammonia, lactate, tandem mass spectrometry,
biotinidase activity, and plasma amino acid was normal. No
cerebrospinal fluid (CSF) analysis was done at any time.

Magnetic resonance imaging (MRI) brain obtained at
7-month of age showed confluent T2 hyperintensity
involving bilateral cerebral white matter with the tigroid
pattern as well as involving corpus callosum, posterior
limb of internal capsule, and cerebellar white matter
bilaterally. Subcortical U-fibers were relatively spared.
Basal ganglia were intact and no definitive diffusion
restriction was seen (Figure la). Magnetic resonance
spectroscopy (MRS) showed elevated choline and lactate
peaks (Figure 1b).

Whole exome sequencing showed a homozygous
pathogenic variant in ISCA2 gene c.229G>A;
(p-Gly77Ser). The child was subsequently diagnosed with
IRMD. He had recurrent chest infections and succumbed
to severe pneumonia at 14 months of age.

Discussion

Iron—sulfur cluster (ISC) biogenesis is a vital cellular
process in the mitochondria (1,2). They play a very
important role in health and diseases (3). ISCA2
gene mutation is known to cause a neurodegenerative
condition, IRMD. Here, we present a child who had
the classic presentation of IRMD. IRMD is a relatively
new disorder first reported in 2015 (7,8). Since the
first report, 20 subjects have been reported, most of
them (9) are Arabs from Saudi Arabia (5-9). Also,
another gene /BA57, involved in iron—sulfur cluster
assembly is found to cause severe myopathy with
encephalopathy (10).

Infants with IRMD have normal development initially.
They present at 3—-6 months of age with a triad of
progressive neurodevelopmental regression, nystagmus
and optic atrophy, and leukodystrophy (5). The regression
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may be accompanied by irritability and inattention. Axial
hypotonia with appendicular hypertonia is observed
to develop with the progression of symptoms. The
regression continues at variable pace and seizures may
develop over the course of the disease.

Due to secondary defects in glycine cleavage, plasma
and CSF glycine levels are usually elevated (5,6). On
the other hand, elevated lactate levels (serum and CSF)
are inconsistent. Respiratory chain enzyme analysis on
muscle tissues showed reduced activity of complex II
and IIT (6,9).

Findings on brain MRI include diffuse, bilaterally
symmetrical abnormal white matter signal in the cerebral
periventricular area, cerebellum, brain stem, and spinal
cord. Signal abnormalities in the corpus callosum, internal
capsule, midbrain, and middle cerebellar peduncles may
also be present. U-fibers and basal ganglia are usually
spared. Elevated glycine and lactate peaks on MRS are
commonly seen (4).

As this is a relatively newly described disorder, ISCA2
gene may not be a part of some of the gene panels
currently available. Therefore, this entity should be put
in consideration when working up an infant presenting
with developmental regression and leukodystrophy,
especially when this is associated with optic atrophy.
All the reported Arab subjects have the founder variant
¢.229G>A; (p.Gly77Ser) which affects a highly conserved
Fe—S domain. The mutation results in the replacement of
a glycine with serine at the 77th position. One subject
reported from Italy was a compound heterozygote for
two variants (¢.295delT and c.334A>G) (9).

The differential diagnosis IRMD is broad and includes
many disorders with neurodegenerative changes and
leukodystrophy such as metachromatic leukodystrophy
due to saposin B deficiency (quite common in the
region), Leukoencephalopathy with brainstem and spinal
cord involvement and lactate elevation, Krabbe disease,
vanishing white matter, and others.

There is no curative treatment so far. Affected
individuals can only be provided with supportive
management and multidisciplinary care. The prognosis
is grave with progression to a vegetative state, and
eventually death in early childhood.

Conclusion

The key to diagnose IRMD is to correlate the clinical,
radiological and biochemical findings. It should be
considered in infantile-onset leukodystrophy with optic
atrophy and nystagmus. As of now, treatment is only
supportive and further studies are needed to understand
and identify any targets for future treatment. Preventive
management in the form of prenatal testing and
preimplantation genetic diagnosis should be considered
in the families with affected members.
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(b)

Figure 1. (a) MRI brain T2 weighted axial images showing bilateral, symmetrical leukodystrophic changes in cerebral white matter
involving corpus callosum, posterior limb of internal capsule and cerebellar white matter. (b) MR spectroscopy showing Lactate and

Choline peaks.
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